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METHOD AND APPARATUS FOR
INTEROPERATION OF FDDI-I AND FDDI-II
 NETWORKS

BACKGROUND OF THE INVENTION

1. Field of the Invention |

The present invention generally relates to local area
networks (LANs) employing a token-based ring-of-
trees topology and, more particularly, to a method and
apparatus for allowing interoperation of a token ring
packet data network managed by a timed-token proto-
col (Fiber optic Distribution Data Interface-1 or FDDI-
I) with a time division mulitiplexed network which allo-
cates a portion of its bandwidth to the packet data
timed-token protocol (Fiberoptic Distribution Data
Interface-1I or FDDI-II).

2. Description of the Prior Art

The interconnection and interoperation of distributed
computing devices is an old but continuing challenge.
In recent years many of those who have thought about
this challenge have concluded that the most effective
way to promote progress is to parse the task into rela-
tively independent but connected pieces and develop a
corresponding set of standards. Different systems can
then communicate if they follow the standards at their
corresponding levels; they may rely upon parailel coor-
dination through standards at other levels to complete
the communication path. The Open Systems Intercon-
nection (OSI]) reference model reflects this view.

The OSI model defines seven layers—from the physi-
cal link dealing with mechanical, electrical and optical
characteristics of signals to the application layer which
provides file transfer and network management services
to users. Local area network (ILAN) standards within
the OSI model are the subject matter and constraints for
the present invention. Local area networks are charac-
terized by a topology (e.g. ring or bus) for connecting
devices to the LAN’s signal transmission media (e.g.
~ cable or optical fiber) and a protocol (e.g. token-ring or
timed-token) for controlling access to the medium by an
attached device.

Communication capacity over a LAN is limited by
the transmission medium, and also by the topology and
‘the relevant protocols at both the physical and media
access control levels. “Bandwidth” is a measure of the
communication capacity of a LAN, and is commonly
given in bits per second. For example, the bandwidth of
a coaxial cable Ethernet LAN may be 10 million bits per
second (Mbps) while a Fiber optic Distributed Data
Interface (FDDI) LAN using a timed-token protocol
may be 100 Mbps.

However, these figures are nominal capacities. Typi-
cally, the aggregate communication needs of devices
attached to a LAN are an irregular mix of stream and
bursty traffic. The LAN’s capacity may be underuti-
hized at one time and overloaded at another.

The FDDI standard did not allow for isochronous
packet switched data, such as voice and video. Conse-
quently, an enhanced version of the standard, FDDI-II,
was developed. FDDI-II accommodated isochronous
data through time division multiplexing of the available
bandwidth, allocating a portion of that bandwidth to
the timed-token protocol used in FDDI.
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2

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
permit FDDI-1 and FDDI-1I networks to interoperate.

This invention consists of the addition to an FDDI-I
ring of the ability to interconnect and communicate
with standard FDDI-II stations by exchanging FDDI
packctized frames via a special concentrator. The con.
nection is made in such a way that the FDDI-I ring
stations and the FDDI-II stations operate in apparent
total conformance with their respective standards and
specifications. The concentrator performs the functions
required to allow compatible packetized information
exchange among all FDDI-II and FDDI-I stations.
Such a concentrator is herein referred to as a Hybrid
Mode Interface (HMI) concentrator. The HMI acts as
the surrogate station for token claim processes for all
the stations on its M-ports (henceforth referred to as its
membership) as they would appear in standard FDDI-I
sequence as individual stations competing for the
FDDI-I token timing and capture. The backend ports
operate in synchromism with the Cycle Master ‘as re-
quired by a standard FDDI-1I station. The 'pcrformancc
resulting from the implementation of this invention is

‘transparent to the individual stations and the ring in a

way that is advantageous to both packet data and iso-
chronous data for multimedia usages.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advan-
tages will be better understood from the following de-
tailed description of a preferred embodiment of the
invention with reference to the drawings, in which:

FIG. 1 1s a schematic diagram showing how a TDM
network 1s divided into channels comprised of one or
more slots;

- FIG. 2 is a schematic diagram showing a network
consisting of a token ring segment and a TDM segment
with a token ring channel; |

FIG. 3 is a block diagram of the interoperation appa-
ratus; and

F1G. 4 1s a block diagram of a preferred implementa-
tion of FDDI-I and 11 interoperability.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

The present invention is a method and apparatus for
interconnecting FDDI and FDDI-II networks, remain-
ing in conformance with FDDI and FDDI-II standards.

TOKEN RING

A token ring network consists of nodes organized in
a ring topology, wherein all nodes share the communi-
cation media and access to the media is controlled with
a token. Each station receives information from its up-
stream neighbor and transmits to its downstream neigh-
bor. The token is defined as a special code of bits that is
passed from one station to the next to allow all stations
a transmission opportunity. In the simplest scheme,
each node is allowed to transmit a smglc frame each
time it receives the token.

This scheme is fair but inefficient and does not pro-
vide a means of allocating bandwidth or adjusting the
access time guarantees. A detailed description of the
token ring network is contained in The Handbook of
Computer Communications Standards, Volume 2, by
William Stallings, pp. 156-178, Howard W. Sams and
Company, 1990.
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TIMED TOKEN PROTOCOL
The protocol used for controlling access by individ-

ual nodes to the shared communication media (Media

Access Control or MAC) in the Fiber Distributed Data
Interface (FDDI) standard is the timed-token protocol.
This access protocol allows for bandwidth allocation
and tunable access delay guarantees. The timed-token
protocol is based on a target token rotation time
(TTRT), and is controlled by synchronized timers in

each node of the ring. The TRT (token rotation time)

timer in each station monitors the circulation of the
token. The timer is used to make sure that the token

rotation time does not exceed the TTRT. This timer is

used to regulate the amount of information that each
node can transmit onto the rmg when the token is cap-
tured. The token is used to insure fair access and pro-
vide guaranteed access delay and bandwidth bounds. A
detailed description of the timed-token protocol is con-
tained in The Handbook of Computer Communications
Standards, supra, at pp. 181-193.

The process of renegotiating a value for TTRT is
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begun when an error condition is detected. For exam-

ple, if a station detects that it has not seen a valid token
in a time significantly greater than TTRT, it assumes an
error condition and issues Claim frames which contain
bids for the value of TTRT, under the following rules:
1) a station will transmit whatever Claim frame (its own
or that which it receives) has highest precedence; 2) the
frame with lowest TTRT has precedence; 3)if TTRT is
the same, the frame with the longest source address and
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then the highest address takes precedence. The process |

completes when a station receives its own Claim frame,
which means that the ring is filled with these frames, all
other claimants having yielded. The TTRT is then used
by each station to reset TRT. The claiming victor is
responsible for initiating an initialization process by
1ssuance of an unrestricted token.

' TDM NETWORK

A Time Division Multiplexed (TDM) network di-
vides its bandwidth into time slots. These slots occur in
constant time intervals to which receiving and transmit-
ting stations may synchronize, as illustrated in FIG. 1.
Here, the network bandwidth is divided into N times-
lots. A channel can be defined in terms of these slots.

For example, channel A in FIG. 1 is defined as the third

slot of every N slots. Consequently, a node communi-
cating via channel A could ignore all slots except for
the third and parse all information arriving in that slot
into meaningful data units. More complex channels,
such as channel B in FIG. 1 may combine several slots
to form a channel. The node must be intelligent enough
to parse the information correctly in order to organize
it as the transmitter intended it.

A TDM channel can itself be managed by any one of
many protocols. If the channel is shared by many sta-
tions in a ring configuration, the channel could, for
example, be managed by the timed-token protocol. All
stations would access the channel and manage their
transmission based on the timed-token protocol. chcc,
although other channels of information are present in
the network, these are simply ignored (or used for other
purposes).

For a token ring network managed by the timed-
token protocol to interoperate with a TDM network
within which a given channel was assigned to the timed
token protocol, the state-of-the-art interface between
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the two is achieved using a bridge. A discussion of
bridges can be found in Interconnections: Bridges and
Routers by Radia Perlman, Addison Wesley, 1992. An

example of bridged solution is also presented in Michael

Teener, “An FDDI-FDDI-II Interoperation Strategy”, -
Wescon/90, Nov. 13-15, 1990. The use of a bridge, how-
ever, introduces additional delays (due to queuing and
access time), and can lead to packet loss due to queue
overflows when the available bandw1dth on one side is
less than the other side. |

Standard FDDI-I utilization does not have the ability
to interconnect or intercommunicate with FDDI-IT
stations via its ring. This is a result of the very different
protocols and operating requirements and modes speci-
fied by the FDDI-II standards. Whereas the FDDI-I is
totally based on a dual ring topology employing a time-
token protocol operating solely on contiguous informa-
tion packets, FDDI-II stations are required to also oper-
ate 1n a hybrid mode of time assigned *“Wideband Chan-
nels” capable of carrying non-contiguous packet and
circuit-switched information. This provides FDDI-II
stations with the ability to satisfy desired LAN en-
hancements for expanded multimedia usages. In the
hybrid mode, FDDI-II stations can transport either or -
both circuit-switched and packetized traffic. The circuit
switched transmissions are isochronous in nature and
require a periodic time allocation only provided by the
Hybrid Mode. This is not defined, nor is it recognized,
by a standard FDDI-I station. Thus, although almost all
present FDDI networks are implementations of FDDI-
I protocols, these do not have the ability to inter-com-
municate with the newly developing FDDI-II proto-.
cols. This is particularly a problem when it is required
to combine the voice or text of existing FDDI-I stations
with motion video of an FDDI-II station.

For example, let a network be divided into two seg-
ments A and B as shown in FIG. 2, where segment A is
a periodic TDM LAN with bandwidth 84, and segment
B 1s a timed token LAN with bandwidth 85 The TDM
L AN segment has a period T divided into k slots. Of .
those k slots, kg slots are dedicated to the packet data
timed-token transmission used in segment B. Conse-
quently, only a fraction kp/K of segment A’s band-
width B4 is available for the packet transmission of

- segment B. In the case where

>0

35

k
—i ﬁA < B‘Bl

the fraction of bandwidth through segment A, allocated
for packet transmission from segment B, is not enough

to sustain the full transmission capability of segment B.

This can lead to packet-loss or expiration of station
timers due to token tardiness. |
- A mechanism is required to control the amount of

- packets transmitted in segment B to allow the steady
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flow of packets from segment B through the lesser
bandwidth available in segment A, so as to prevent
expiration of station timers and satisfy the timed-token
protocol requ:rcments Due to the fact that transmission
in segment B is controlled via a timed-token protocol
transmission can be regulated by manipulation of the
token. The amount of available bandwidth is reflected
in the token timers in each node in the network. By

 holding the token and allowing the timers to increment,

each node’s perception of the amount of avaxlable band-
width can be controlled.
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The apparatus designed to implement this interopera-

tion is illustrated in FIG. 3. It comprises a Time Slot

Separation Element (TSSE) 31, a Time Slot Insertion
Element (TSIE) 32, and a Data Rate Adjustment Ele-
ment (DRAE) 33. The TSSE 31 separates packet data
slots out of TDM slots and forwards them to the
DRAE. The TSSE 31 also replaces the packet data slots
with null symbols and forwards the TDM slots to the
TSIE 32. The TSIE 32 inserts packet data into the
packet data slots of the TDM slots. The DRAE 33
assembles frames arriving from the TSSE 31 and disas-
sembles frames arriving from the token-based ring to be
sent by the TSIE 32. The DRAE 33 also adjusts the
bandwidth allocation on the token-based ring side to
reflect the TDM bandwidth allocation for packet data.
In the timed-token protocol this can be done by holding
the token for a period of time necessary to reflect the
difference in bandwidth between the TDM channel
segment and the token-based ring segment.

A preferred implementation describing the interoper-
ation of FDDI-I (token ring managed by the timed-
" token protocol) and FDDI-II (a TDM network with a
portion of the bandwidth allocated to the timed-token
protocol) is shown with reference to FIG. 4. For a
reference on FDDI see Floyd E. Ross, “FDDI-A Tuto-
rial”, Vol. 24, No. 5, IEEE Communications Magazine,
pp. 10-17, May 1986. Ramiro Calvo and Michael
Teener, “FDDI-II Architectural and Implementation
Examples”, IFOC/LAN 90, Jun. 27-29, 1990.

In FIG. 4, data arniving from the FDDI-II connec-
tion into the TSSE 41 is divided into isochronous slots
and packet data slots (as determined in the cycle
header). Data from the packet data slots are routed to
the DRAE 43, and data within the isochronous slots are
directly routed to the TSIE 41. In the path from the
TSSE 41 to the TSIE 42, data within packet data slots
are replaced with IDLE symbols (or NULL frames).
Packet data arriving at the DRAE 43 from the TSSE 41
is packed into contiguous blocks of data frames before
‘being routed to the FDDI-I connection. Packet data
frames arriving from the FDDI-I connection to the
DRAE 43 are unpacked to fit into the FDDI-II packet
- data slots and forwarded to the TSIE 42 is a synchro-
nized fashion. |

In order to provide interoperability between the
FDDI-I and FDDI-II nodes, all node timers must be
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kept from expiring. To do so, the time between token

frame headers arriving at each node (the Token Rota-
tion Time) must be kept below the negotiated TTRT
delay. In order to guarantee this, the DRAE 43 must
control the rate at which the FDDI-I packet data nodes
transmit data into the ring. This can be accomplished by
monitoring the Token Rotation Time and holding the
token before releasing it into the packet data (FDDI-I)
connection. Element C in the DRAE 43 measures the
delay, B, added to the token rotation time t;rdue to the
insertion of data from the FDDI-I side to the FDDI-II
side (initialized as 0). Upon receipt of the token at Ele-
ment B in the DRAE 43, Element A computes the
additional token delay (A) it will add as a flow control
mechanism before forwarding the token to the FDDI-1

segment,
A= (1 —';L)f;n'— n —ﬁ,
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6

‘where p is the time within a TDM cycle that is reserved

for packet data (detected in the cycle header in the
TSSE), q is the cycle time, t,r is the Target Token
Rotation Time, and t; is the ring latency (computed in

‘the TSSE at initialization time or set to a predetermined

default). _

While the invention has been described in terms of a
single preferred embodiment, those skilled in the art
will recognize that the invention can be practiced with -
modification within the spirit and scope of the appended
claims.

Having thus described our invention, what we claim
as new and desire to secure by Letters Patent is as fol-
lows: |

1. A method of transmitting data between a timed
token ring network and a time division multiplexed ring
network, comprising the steps of: |

inserting an interface between said timed token ring -

network and said time division multiplexed ring
network:; _
converting time division multiplexed data arriving
from said time division multiplexed ring network
into data packets compatible with said timed token
ring network and allowing said data packets to
circulate around said timed token ring network;

reserving space on said time division multiplexed ring
network;

converting data packets arriving from said timed

token ring network into time division multiplexed
data compatible with said time division multiplexed
ring network;

inserting said time division multiplexed data into said

space on said time division multiplexed ring net-
work; and

adding a delay to a token rotation time for said timed

token ring network, said delay being in proportion
to said data arriving from said time division multi-
plexed ring network.

2. In a communication network having a pair of com-
munication rings with the first ring of said pair operat-
ing under a token ring protocol and a second ring oper-

ating under a time division multiplexed, TDM, proto-

col, wherein a certain portion of TDM time slots are
allocated to said token ring protocol, an interface unit
for providing communications between nodes of said
first ring and nodes of said second ring, said interface
unit comprising:
means for determining a number of said time slots
allocated in said second ring for said token ring -
protocol; and
means for holding a token for a time which is dynami-
cally varied as a function of said number of slots
allocated to said token ring protocol, where hold-
ing said token limits the number of packets trans- -
mitted on said first and second rings to prevent loss
of packets due to limited bandwidth provided by
said number of allocated slots.
3. In a communication network having a first ring and
a second ring, said first ring operating under a token
based protocol and said second ring operating under a

time division multiplexed, TDM, protocol, said TDM

protocol allocating a certain portion of its bandwidth to
said token-based protocol, said token based protocol
having a methodology for establishing a target token
rotation time, an apparatus for providing communica-
tions between stations of said first ring and stations of
said second ring, said apparatus comprising:
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a time slot separation element, TSSE, connected to
receive TDM data from said second ring;
a time slot insertion element, TSIE, connected to
transmit TDM data to said second ring; and
a data rate adjustment element, DRAE, connected to

- saild TSSE and said TSIE and said first ring for

converting TDM data from said second ring to

packet data for said first rmg and for converting

packet data from said first ring to TDM data for
said second ring, said DRAE adding a delay to
token rotation time for said first ring by holding a
ring token without transmitting data.

4. A method of transmitting data between a timed
token ring network and a time division multiplexed ring
network as recited in claim 1 wherein said timed token
ring network-is a Fiberoptic Distributed Data Interface,
FDDI-1, network and said time division multiplexed
ring network is a Fiberoptic Distributed Data Interface,
FDDI-II, network.

5. A method of transmitting data between a timed
token ring network and a time division multiplexed ring
network as recited in claim 1 wherein said adding step
comprises the step of holding a token for said timed
token ring network without transmitting data into said
timed token ring network.

6. A method of transmitting data between a timed
token ring network and a time division multiplexed ring

- network as recited in claim 1 wherein said time division
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mulitiplexed ring network allocates a portion of its band-
width to accommodate a token ring protocol.

7. A communication network as recited in claim 2
wherein said first ring is a Fiberoptic Distributed Data
Interface, FDDI-I, network and said second ring is a
Fiberoptic Distributed Data Interface, FDDI-II, net- |
work.

8. A communication network as rec:lted in claim 2
further comprising:
means for separating data from said time slots allo-

cated in said second ring for said token ring proto-

col, said means for separating creating empty time
slots on said second ring;
means for converting said data into data packets for. |
transmission over said first ring; |
means for converting said data packets from said first
ring into time division multiplexed data; and
means for inserting said time division multiplexed
data into said empty time slots on said second ring.
9. A communication network as recited in claim 3
wherein said first ring is a FDDI-I network and said

second ring i1s a FDDI-II network.
*x % % ¥ =
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